Abstract -Community diversity is expected to reflect variations in local conditions but, recently, ecologists have started to realize that local diversity is also under pressure from global processes. As a result, the traditional view of community structure based on local interspecific interactions was replaced by the idea that community structure is a result of multiple processes acting in different spatial scales. This study is aimed at quantifying the relative importance of spatial, environmental and spatially structured processes on Ephemeroptera community in Cerrado streams in Brazil. Thirty-four rivers and streams in the Brazilian state Mato Grosso were sampled. Ephemeroptera species composition, based on abundance and presence data, was evaluated in relation to niche and neutral predictors by using a partial redundancy analysis (pRDA). Results obtained through the pRDA indicated that both environmental and spatial processes influenced Ephemeroptera abundance. On the other hand, only environmental processes showed effects on community patterns when using species presence data from preserved, altered and large streams and also when looking only at the preserved sites. When streams larger than 20 m were excluded from analysis, both environmental and spatially processes showed influence on Ephemeroptera composition. Adjusted R 2 values were higher for environmental than for spatial processes in all analyses. The relatively high influence of both environmental processes and stream width in the analyses highlights the sensitivity of mayflies assemblies to environmental variation, and emphasizes the importance of local processes, as predicted by niche theory, while neutral processes act to a lesser extent on the structure of the studied communities.
Introduction
The study of species diversity is one of the key topics in community ecology, and its main objective is to find compositive explanations for observed patterns of species abundance and occurrence in space and time (Ricklefs and Schluter, 1993) . However, ecological theories have been based almost exclusively on the relationship between community and environment, with species diversity being related to environmental heterogeneity (Popielarz and Neal, 2007) . Thus, as a general rule, community diversity is expected to reflect variations in local physical and chemical conditions (Ricklefs, 1987) . Only recently, ecologists have started to realize that local diversity also reflects pressure from global processes, such as dispersal and particular historical conditions (Ricklefs, 1987) . The traditional view of community structure, based on local interspecific interactions and spatial niche, was replaced by more recent ideas emphasizing community structure as a result of multiple processes acting on different spatial scales (Heino et al., 2010) .
The main theories in community ecology that aim at explaining species distribution patterns fall into two major groups: niche theories and neutral theories (Scarano and *Corresponding author: yulie.bio@gmail.com Dias, 2004) . The ecological niche theory, based on the niche concept of Hutchinson (1957) , assumes that the use of resources determines ecological segregation and competition often plays the major role in determining the distribution of species abundance in space and time (Case and Gilpin, 1974) . Thus, according to the niche theory, similar environments would present similar species composition in the absence of competition (Chase, 2003; Popielarz and Neal, 2007) . According to Rios (2004) , the niche theory emerged from the desire to explain why in most communities a large number of species coexist without mutual exclusion, even though many of them use the same resources, and why in these communities some species are abundant, some are common and others, usually the majority, are rare. According to Case (1981) , the niche theory has been well accepted, as scientists have been able to determine the most critical and limiting environmental variables for their study organisms (e.g., Corigliano et al., 2001; Buss et al., 2002; Bispo et al., 2006; Cabette et al., 2010) .
On the other hand, the unified neutral theory of biodiversity, proposed by Hubbell (2001) , predicts that all individuals of any species in a biological community are identical in relation to their probability of reproducing, dying, migrating and speciating. In addition, this theory assumes that communities are saturated, and species abundance cannot increase without the decrease in abundance of other species (De Marco, 2006) . Random dispersal of populations is the main feature determining the composition and the structure of ecological communities (Alonso et al., 2006) . Thus, it predicts a decrease in similarity of species composition between communities with increasing distance. This decrease in similarity is a function of dispersal abilities, which are spatially limited (Hubbell, 2001) . In Hubbell's model, probabilistic processes of colonization and extinction can explain differences in composition and relative species abundance (Cassemiro and Padial, 2008) .
The neutral model has changed the classic view of community structure "shaped by niches", which has been intensively studied for decades (Hutchinson, 1957; Austin et al., 1990) , to the view of community structure "shaped by dispersion" (Alonso et al., 2006; De Marco, 2006; Adler et al., 2007) .
Most studies testing these theories have been carried out with vegetation. However, a few studies have been conducted with aquatic fauna (e.g., Thompson and Towsend, 2006; Vanschoenwinkel et al., 2007) . Mayflies (Insecta: Ephemeroptera) are an important component of aquatic systems, as they are abundant in all types of environments, play an important role in nutrient cycling and reflect changes in water quality (McCafferty, 1983; Rosenberg and Resh, 1993) . The sensitivity of Ephemeroptera to physical, chemical and physical-chemical changes of an aquatic system has been well described in the literature (e.g., Brittain, 1982; Salles et al., 2004; Domı´nguez et al., 2006) . Therefore, Ephemeroptera is regarded as a useful research subject in studies with different ecological approaches (e.g., Francischetti et al., 2004; Goulart and Callisto, 2005; Buss and Salles, 2007; Siegloch et al., 2008; Shimano et al., 2010; Souza et al., 2010) . According to Brittain (1982) , however, mayflies have limited longdistance dispersal abilities due to their fragile nature and short adult life span, which may effectively contribute to increasing the effect of space in community structuring.
Following the characteristics of Ephemeroptera and the relevance of ecological studies that encompass both niche and neutral theories, this study aims to investigate the importance of environmental processes (niche theory) versus spatial processes (neutral theory) on the structure and composition of Ephemeroptera communities in aquatic ecosystems. It is predicted that both processes will have a similar influence on community structure, due to the sensitivity of Ephemeroptera to environmental variations on the one hand and their low dispersal ability on the other hand.
Methods

Study site
Ephemeroptera fauna was measured at 34 sample points. Nine of the sample points were located in Corrente river sub-basin, 13 points were located in the Pindaı´ba river sub-basin and 12 points in the Suia´-Missu river sub-basin, Mato Grosso State, Brazil (Fig. 1 , Table 1 ).
The Corrente sub-basin flows into the Pindaı´ba river and is located within the municipality of Barra do Garc¸as. The Pindaı´ba sub-basin covers parts of the municipalities of Araguaiana, Cocalinho and Nova Xavantina in the South-East of Mato Grosso. According to Rossete (2008) , the Corrente and Pindaı´ba sub-basins constitute the Mortes river basin. Its headwaters are located in highlands of the Guimara˜es Plateau, which have a average altitude of 600 m, and its course reaches the lowland areas which have an average altitude of 330 m. Owing to the sharp relief on the slopes of the Serra do Roncador, only streams located at lowland areas are affected by human activities. The main economic land uses developed in the region are livestock and, secondarily, cropland (Rossete, 2008) . The local climate is classified according to Ko¨ppen as Cwa, with two well-defined seasons; dry and rain (Pell et al., 2007) . The annual average of precipitation varies between 1200 and 1600 mm and the temperature varies between 20 and 25 xC (Brasil, 1983) . In the Corrente sub-basin, the samples were collected in the Papagaio (first to fourth order) and Taquaral streams (first to fourth order) and in the Corrente river (fifth order), totaling nine sample points. In the Pindaı´ba sub-basin, the samples were taken in the Mata (first to fourth order), Cachoeirinha (second to fourth order) and Caveira streams (first to fourth order) and Pindaı´ba river (fifth and sixth orders), totaling 13 sample points. In all sub-basins, both preserved and altered sites were sampled. Stream orders are based on classification of Strahler (1957) .
The Suia´-Missu sub-basin is located in Central-East Mato Grosso and crosses the municipalities of Quereˆncia, Ribeira˜o Cascalheira and Canarana. This sub-basin is a tributary of the Xingu river basin and is located in the transition zone between the biomes of Amazonia and Cerrado. The main headwaters of the Suia´-Missu river do not fall within the Parque Indı´gena do Xingu (PIX), and therefore do not fall under its protection. The study region is under strong pressure of agricultural expansion, aggravated by poorly planned rural settlements, leading to direct and indirect effects on conservation areas. The main economic activities in the area are logging, monocultures of rice and soybean, and extensive cattle raising (Schwartzman and Zimmerman, 2005; Hayhoe et al., 2011) . The Suia´-Missu region has a seasonally tropical climate, with a dry period from May to October and a rain period from November to April. The local climate is classified according to Ko¨ppen as a savanna subtype (Aw), with microregions of monsoon (Am) and tropical rain (A) subtypes (Ratter et al., 1978; Pell et al., 2007) . Average annual precipitation is 1370 mm and the temperature varies between 17.0 and 32.7 xC (Marimon et al., 2006) .
Methodology and identification
Samples collected in the Corrente sub-basin, Cachoeirinha stream and Pindaı´ba river (Pindaı´ba The methodology used by Cabette et al. (2010) , DiasSilva et al. (2010) and Shimano et al. (2010) was used to collect Ephemeroptera nymphs. Fixed transects of 100 m were delineated and divided into 20 segments of 5 m. Samples were obtained through a sieve of 18 cm diameter and 0.05 mm mesh, and were collected three times per segment. In this way, in each stream 20 times three samples were collected. The collected material was sorted in the field and conserved in 85% alcohol. Ephemeroptera identification was done using identification keys of Domı´nguez et al. (2006) and Dias et al. (2007) . Specimens were deposited at the Zoobotanical Collection "James Alexander Ratter" -CZNX, at Universidade do Estado de Mato Grosso as a reference material.
Environmental variables
Fourteen environmental variables were measured for the characterization of each sample point. With a portable environmental multiparameter device, measures were taken of water temperature, turbidity, dissolved oxygen, pH and electric conductivity. Orthophosphate and nitrate concentration were measured with a portable spectrophotometer. Total mineral content and calcium and magnesium concentration were measured using the titulometric method with EDTA 0.0002M.
Average channel width (in meters) was determined through five equidistant measures (20 m) along the transect using a rangefinder laser. Average channel depth Suiazinho river SMB 12x38'33.4''S and 51x56'50.7''W (in meters) was calculated for the same points, using three measurements, one in the center and two on opposite sides of the channel. Channel depth was measured using a fiberglass measuring tape or, when necessary, an echo sounder. Environmental integrity of each site was assessed through a habitat integrity protocol, the habitat integrity index (HII), based on Nessimian et al. (2008) . The HII consists of 12 questions aimed at measuring changes in environmental complexity. These questions were answered by observing environmental features at each site. HII can vary between 0 and 1, with larger values indicating higher environmental integrity.
Spatial variables
A common problem when working with environmental data in order to explain species richness refers to spatial autocorrelation; when data present a strong spatial structure (e.g., residuals are not independent). Therefore, coefficient significance tests are not valid and the estimators do not have minimum variance (Hawkins et al., 2007) . Thus, it is necessary to consider that covariance among model residuals is a symptom of a spatial relationship between cells (see Rangel et al., 2006) . To avoid this problem, a strategy is to extract eigenvectors from a matrix of geographical distances or connections among spatial units and use them as "filters", in order to reduce residual variation (Borcard and Legendre, 2002; Diniz-Filho and Bini, 2005) . To construct the spatial matrix, geographical distances (latitude and longitude) were computed using the software SAM (Spatial Analysis in Macroecology version 4.0) (Rangel et al., 2010) , which break down total spatial variation in a number of explanatory spatial variables, each one corresponding to a specific scale or spatial structure. This break down allows a spatial analysis on all scales that can be described by the spatial configuration of sampling sites (Ramette and Tiedje, 2007) . Significant eigenvectors with Moran's I coefficients greater than 0.1 were included in the spatial variable matrix, together with latitude and longitude data, to create the spatial distance matrix, which was used in the analyses of variance partitioning as predictors of neutral processes. Geographical coordinates (latitude and longitude) of each sample site were obtained using a GPS.
Data analysis
To test differences among sub-basins in mayfly abundance, we used an analysis of variance (one-way ANOVA) (Zar, 1990) , where the total abundances for each stream were used as replicas for each sub-basin. Assumptions of data normality and homogeneity of variances (Levene's test) were computed and tested. When assumptions were not reached, logarithmic transformations were made. An a posteriori Tukey test was used when ANOVA was significant in order to identify which categories of environmental integrity presented different means.
Species richness among sub-basins was compared using a "momentum-based" rarefaction curve (Mao Tau) (Gotelli and Colwell, 2001) , which eliminates the need for replication and allows for a direct comparison of richness among samples. As sub-basins differed with regard to the number of sampled streams, we considered only 540 samples per sub-basin (20 segments r nine streamsr three season= 540 samples). In the species abundance and richness analyses, the different seasons measured within one year were used as replicates.
A principal coordinates analysis (PCoA) (Legendre and Legendre, 1998) was performed with abundance matrices to examine if the streams are ordered according to their sub-basins and if there are cluster patterns among them. We used logarithmic transformations to reduce the influence of abundant species. Then, to test the significance of clusters established by PCoA, we performed an analysis of similarity (ANOSIM).
To test the relative influence of environmental processes (Niche theory) and of spatial processes (Neutral theory) on the community structure of immature Ephemeroptera, we performed a partial redundancy analysis (pRDA) (Borcard et al., 1992; Legendre and Legendre, 1998) . The pRDA results consist of four parts: (a) variation attributed exclusively to environmental variables; (b) shared variation explained by space and environment (spatially structured environmental variation); (c) variation attributed exclusively to spatial variables; and (d) residual variation, which is the non-explained variation (Borcard et al., 1992; Rangel et al., 2010) . Specific density data (abundance) were standardized and transformed using Hellinger distance, to preserve the Euclidean distance between sampling units in n-dimensional space. This procedure is used if the analyzed data present many zero values, as usually observed in biological matrices (Legendre and Gallagher, 2001) . Environmental variable means were computed to the analyses in the three stations, and richness and abundance of all stations were summed up for each sampling point. Significance of eigenvalues of orthogonal axes resulting from the pRDA was tested using a one-way ANOVA. All analyses were performed using R statistical software (R Development Core Team, 2011) labdsv, mgcv and vegan packages.
Tested models
Due to the large variation among studied streams, three different models were tested in the pRDA analysis. These models were based on the biology of the group. In this way, one model verified all parameters sampled, the second focused on the integrity of the streams (influence of integrity cited by Buss and Salles, 2007; Souza et al., 2010) and the third model emphasized the influence of the large streams (Vannote et al., 1980; Corigliano et al., 2001; Shimano et al., 2010) .
Model A: Data on spatial and environmental parameters of all 34 studied sites were included in the analysis.
Model B: Since sample points differed a lot in relation to habitat integrity, altered sites with HII lower than 0.5 were excluded from the analyses (five streams, with the index of integrity between 0.39 and 0.49 (low integrities); points 23, 25, 26, 29 and 30 see Table 1 ).
Model C: Sample points broader than 20 m were excluded from analyses (streams 1, 18, 27, 29, 30 and 33, see Table 1 ).
Results
We collected 9450 individuals belonging to eight families, 42 genera and 72 species and/or morphospecies (Appendix 1). Only one family (Oligoneuriidae) of the eight families sampled (Baetidae, Caenidae, Coryphoridae, Euthyplociidae, Leptohyphidae, Leptophlebiidae, Oligoneuriidae and Polymitarcyidae) was not collected in the Suia´-Missu river sub-basin. Others families were present in all sub-basins. Leptophlebiidae was the most abundant in all sub-basins (n = 2451, 2593 and 526 in Corrente, Pindaı´ba and Suia´-Missu, respectively, totaling 5570 individuals), followed by Baetidae (n= 907, 543 and 299, respectively, totaling 1749 individuals). The most abundant morphotypes were Miroculis sp. 
Abundance and richness of sub-basins
The Corrente sub-basin showed the highest abundance (n = 4252), followed by Pindaı´ba sub-basin (n = 3845) and Suia´-Missu (n = 1353). However, statistical tests showed only that Corrente sub-basin was significantly different from Suia´-Missu sub-basin (F (2,31) = 6.338, p= 0.004, Tukey p< 0.05). The Pindaı´ba sub-basin showed the highest richness, with 56 species/morphospecies, while Suia´-Missu and Corrente sub-basins contained 46 species/ morphospecies. Estimated richness based on 540 samples (for sub-basins) showed Pindaı´ba sub-basin as the richest in species (53.02¡ 1.88; mean ¡ confidence interval), followed by Corrente sub-basin (48.0¡ 2.03) and Suia´-Missu sub-basin (44.48¡ 1.74).
Species composition
When streams were ordered according to abundance and species composition, PCoA showed that the Corrente streams formed a group aligned in the left of diagram. Suia´-Missu streams, despite being more dispersed in the graph, are mainly concentrated on the right of diagram. Finally, the Pindaı´ba streams were dispersed all over the graph (Fig. 2) . The ANOSIM results confirmed the difference between Suia´-Missu and the other two sub-basin compositions (Corrente: R= 0.539 and p = 0.001; Pindaı´ba: R= 0.207 and p= 0.008), and showed that Corrente and Pindaı´ba streams were similar in their composition (R = x0.020 and p = 0.590).
Niche and neutral components
The different models tested (A, B and C) based on abundance data were significant for both environmental filters and spatial eigenvectors in partial RDA (Table 2) . However, environmental filters produced higher adjusted R 2 values than spatial filters, indicating the influence of environmental features in species composition of Ephemeroptera. Using presence data, only in model C did both environmental and spatial filters significantly explain the variation in species composition.
Variation of community structure explained by spatially structured environmental variation in the spatial gradient was higher than variation purely explained by spatial filters in models A and B. Spatial structure in environmental variables is, in part, related to spatial autocorrelation, which was significant according to Moran's I coefficient (p/k < 0.05) for distances smaller than 100 km. Despite the significance of environmental and spatial processes in species composition variation, much of the proportion explained by pRDA, regardless of model type and data used (presence or abundance), and was retained Fig. 2 . Ordination of sites of Suia´-Missu, Corrente and Pindaı´ba river sub-basins generated by a Principal coordinates analysis with species abundance data of Ephemeroptera communities, 2005 Ephemeroptera communities, /2008 in residuals (between 54.1 and 72.5% of residual variation). Analyses based on abundance data were more robust; the non-explained variation (residuals) was lower than that observed by using presence data. Nevertheless, regardless of data used (abundance or presence), there was a lower percentage of variation explained in the model in which sample sites with streams broader than 20 m were excluded from the analysis (model C), with coefficients of variation being larger for both environmental and spatial variables (Fig. 3) .
Discussion
Abundance and richness in the sub-basins It is likely that persistent and intense disturbances occurring in the Suia´-Missu river sub-basin are the main cause of low abundance within this sub-basin compared to Corrente and Pindaı´ba sub-basins. According to the neutral theory of biodiversity, population dynamics are guided by temporal sequences of movements of individuals that die at each time period (Cassemiro and Padial, 2008) , and disturbances are the main cause of these dynamics. As an alternative, niche-based models predict that abundances change in a rapid and predictable way in response to environmental changes (Chave, 2004) . When the environment changes, differences in a species niche may cause changes in individual fitness and population demography, resulting in deterministic changes in abundance and species composition (Chave, 2004) .
In addition, according to niche theory, species richness would increase with an increase of diversity of conditions in a given site. Thus, it would be expected that as local conditions deviate further from normal conditions (optimum for most of the species), the number of species that occur in that site will be less and the number of individuals per species in that site will be higher (Vison and Hawkins, 1998) . The higher richness observed in the Pindaı´ba subbasin can be attributed to the fact that this sub-basin contains, at the same time, sections of very preserved and very altered habitats, with HII values varying from 0.43 to 0.97 (range of variation of 0.53). This higher richness could also be related to the availability of environments of varying sizes (first to sixth order). This could allow for the occurrence of a larger number of species because of the spatial difference in ecological niches along the rivers' continuum. The Suia´-Missu river sub-basin showed a range of variation of only 0.34 among more preserved and more altered environments and Corrente river sub-basin showed a value of 0.35. Thus, by the combined occurrence of species present in very impacted streams (generalists) and species present in preserved sites (specialists), it can be expected that regional richness tends to be higher. Despite little variation in integrity, features such as the presence of flood and semi-lentic environments in the Suia´-Missu river sub-basin and the smaller size and lower number of sampled points in Corrente river sub-basin cannot be rejected as possible explanations of lower richness in these sites.
Species composition
The difference in species composition in Suia´-Missu river sub-basin can be a result of the connectivity between Corrente and Pindaı´ba sub-basins, which can facilitate species dispersal by drift downstream or by migrations upstream in the mating and oviposition period (nuptial flight) (Sode and Wiberg-Larsen, 1993; Kovats et al., 1996) . Thus, the larger the connectivity among sub-basins, the larger the number of species shared, increasing the importance of marginal vegetation conservation to biodiversity.
Moreover, the Suia´-Missu river sub-basin, which is part of the Amazon Basin, differs considerably from the other sub-basins. The Suia´-Missu river has, on average, lower pH, higher turbidity, lower conductivity and higher hardness of the water. Moreover, at the Suia´-Missu subbasin, a higher number of sites that were flooded, had a broader stream or had a higher light input in the headwaters that were sampled, this was due to the difficulty to find smaller undisturbed environments. Amazonian streams are often structurally different, they originate usually in flat areas and are more susceptible to flooding than Cerrado streams, with less currents and more acidic waters. The streams studied in the Cerrado region have their headwaters in steep areas at Serra do Roncador, are deeper and have a larger water flow Shimano et al., 2010) . The speed of water flow is known to be one feature that causes variation in species composition of Ephemeroptera in the region (Shimano et al., 2010) . Thus, variation in environmental structure can explain the observed differences in species composition showed by DCA in this study.
Niche and neutral components
According to Vergnon et al. (2009) , current ecological models suggest that high diversity can be generated exclusively by niche processes, by neutral processes, or by a combination of ecological processes based on local and regional or spatial environmental features. As observed in this study, community composition of Ephemeroptera can be explained by local environmental features as well as by spatial features. Moreover, much of the proportion explained by variance partitioning in the analyzed models in pRDA was related to the effect of a spatial gradient of environmental variables on species composition. This effect can be related, in part, to the spatial autocorrelation of the spatial units within the sub-basins, as many of the sampled sites represent the longitudinal configuration of rivers, from headwaters to the larger portions of the river. The occurrence of positive spatial autocorrelation can be a result of the effects of biological features, such as dispersal ability, on composition and local abundance pattern of species, as verified in other studies (Lloyde et al., 2005 (Lloyde et al., , 2006 .
The influence of both environmental and spatial processes on Ephemeroptera communities suggests that dispersal mechanisms, as well as mass effects and sorting species shape the structure of these communities. This pattern was verified in 29% of the studies, according to a meta-analysis carried out by Cottenie (2005) . However, the predominance of exclusively environmental and exclusively spatial processes in the structure of the studied communities may be partially due to the number of spatial variables and the type of distance matrix used in the analyses. As recently demonstrated by Landeiro et al. (2011) , these features strongly affect the results of metacommunity models and can confound interpretation of the results. Despite this problem, for aquatic insects, which are able to migrate by the water course by drift and through movements by land at periods of emergence and mating of adults, the type of distance matrix seems to affect the results but little (Landeiro et al., 2011) . Heino (2005) , studying functional biodiversity of macroinvertebrate assemblages along major ecological gradients of boreal headwater streams, also found that both processes, environmental and spatial gradients, are related to functional richness, functional diversity and functional evenness.
Our results support the ideas of Chase and Leibold (2003) , who believe that the truth should be found somewhere between the extremes of the two theories, as well as the ideas of Adler et al. (2007) , who argue that each theory strengthens the knowledge of the other. Gravel et al. (2006) proposed the "continuum hypothesis", in which the two theories are linked together to form a continuum from competitive to stochastic exclusion.
Although the neutral model has reproduced fundamental ecological patterns and many recent studies have found that abundance distribution patterns are better explained based on the neutral model than based on niche theory (e.g., Volkov et al., 2003; McGill et al., 2006) , Adler et al. (2007) argue that few studies have been successful in quantifying the importance of niches for the preservation of diversity in natural systems. However, according to the results presented in this study, for Ephemeroptera community, the niche-based model was the best predictor of variations in abundance distribution pattern of species (structure) and of faunistic composition (presence data).
The higher percentage of variation in Ephemeroptera community structures explained by environmental factors could be due to the high sensitivity of the taxa to many contaminants (Clements et al., 2002) and to physical changes of the system (Buss et al., 2002; Shimano et al., 2010) . In addition, there are also reports of the influence of temperature, substrate type and speed of water flow on Ephemeroptera (Brittain, 1982) . According to Ricklefs (1987) , there is an influence of local attributes on local diversity. If local conditions determine local diversity, then variations in regional diversity would have some influence on local diversity, through species turnover along geographical and ecological gradients. This could explain discrepancies between local and regional diversities.
Vieira (2008, unpublished thesis) , studying a zooplankton community in a floodplain of the Araguaia river, also found an influence of environmental and spatial variables, without differences between these variables in relation to percentage of variation explained in community structure. Sattler et al. (2010) , studying three different communities (spiders, bees and birds), and Nogueira et al. (2011, unpublished thesis) , for Trichoptera at the same sub-basins of this study (Corrente, Pindaı´ba and Suia´-Missu), found effects only of environmental variables. On the other hand, Heino et al. (2003) have studied macroinvertebrate diversity and have found only influence of spatial variables, further suggesting the abandonment of the traditional local approach, and suggesting processes "within" streams as sole or primary regulators of local diversity.
Percentages of explained variation of neutral and niche processes were influenced by stream size, indicating that very large sites have different composition and structure than smaller streams. According to the River Continuum Concept, proposed by Vannote et al. (1980) , distributions of species and trophic guilds in the aquatic communities are organized according to energy flow of the environment, with narrow stream environments (headwaters), intermediate and wide stream environments differing in the amount of allochthonous and autochthonous matter and in the particle size of available organic matter. Several authors report the influence of stream size on aquatic communities (e.g., Heino et al., 2005; Paller et al., 2006) . Shimano et al. (2010) point out the importance of width and water flow (lothic/lentic) of habitats on species composition of Ephemeroptera. The distinct species composition of Suia´-Missu river sub-basin supports this idea, this sub-basin had the highest number of sites with a stream width larger than 20 m (excluded in model C), with some sites even wider than 100 m.
A spatially structured environmental variation higher than purely spatial variation, as seen in models A and B, indicates that the environmental variables analyzed were spatially structured (Vieira, 2008, unpublished data) . This was not the case when wide streams were excluded from the analyses (model C). However, purely environmental variation continues to explain a higher proportion of variation than the other theories.
The high percentage of residual variation indicates that important features in structuring communities may not have been measured, or even that more complex processes are at work. For example, Poff et al. (1991) address the importance of hydrological features. Vison and Hawkins (1998) argue that richness patterns reflect substrate size, disturbance regime, predation, annual temperature changes, intermittence and biome type. For the niche theory, interspecific competition has been considered to be one of the main factors of community structure and species composition. Moreover, historical factors, such as the order of species arriving in the environment, cannot be discarded (Chase, 2003) . Studies performed on other organisms (spiders, birds, bees, caddisflies and zooplankton) also reported a high percentage of variance left unexplained, of up to 95% (Vieira, 2008, unpublished data; Sattler et al., 2010; Nogueira et al., 2011, unpublished data) .
Thus, we may conclude that, despite spatial processes being structuring agents of composition and distribution of species of Ephemeroptera, environmental processes were more important. Hence, this study once again adds plausible arguments to the importance of Ephemeroptera to biomonitoring and water quality studies. Next steps in ecological studies of this group should include efforts to further understand what are the key environmental variables structuring these communities.
